levels. Percent recovery was calculated using formula,% recovery= (T-A)/S ×100 --(6), where, T is the total amount of drug estimated, A is the amount contributed by tablet powder (as per amount estimated by proposed method) and S, the amount of pure drug added. The results of recovery studies are shown in Table 1 .
From the Þ g. 1, the wavelengths selected for estimation were 257.8, 282.9 and 315 nm. These wavelengths were selected such that at first two selected wavelengths hydrochlorthiazide shows same absorbance and at latter wavelength metoprolol tartrate shows zero absorbance. The plot of difference in absorbance at 257.8 and 282.9 nm of metoprolol and absorbance of hydrochlorthiazide at 315.0 nm were found to obey Beer-Lambert's law in the concentration range 0-200 µg/ml with correlation coefÞ cient of 0.9997 and slope 0.0055 and 0-25 µg/ml with correlation coefÞ cient of 0.9999 and slope 0.0107, respectively. The results of estimation were found to be 99.47% for metoprolol and 100.09% (comparison with standard) and 99.82% (E1%,1 cm) for hydrochlorthiazide. The recovery values of the drug indicate the accuracy of the method. The added advantage is that hydrochlorthiazide can be easily estimated by the proposed method without the interference of metoprolol tartrate present in the tablet.
Rajput, et al.: Simultaneous Analysis of Doxylamine Succinate, Pyridoxine Hydrochloride and Folic Acid
Two UV spectrophotometric methods have been developed, based on fi rst derivative spectrophotometry for simultaneous estimation of doxylamine succinate, pyridoxine hydrochloride, and folic acid in tablet formulations. In method I, the concentrations of these drugs were determined by using linear regression equation. Method II is also based on fi rst derivative spectrophotometry however simultaneous equations (Vierdot's method) were derived on derivative spectra. The fi rst derivative amplitudes at 270.0, 332.8 and 309.2 nm were utilized for simultaneous estimation of these drugs respectively by both methods. In both the methods, linearity was obtained in the concentration range 2.5-50 µg/ml, 1-40 µg/ml and 1-30 µg/ml for doxylamine succinate, pyridoxine hydrochloride, and folic acid respectively. The developed methods show best results in terms of linearity, accuracy, precision, LOD, LOQ and ruggedness for standard laboratory mixtures of pure drugs and marketed formulations. The common excipients and additives did not interfere in their determinations. . Folic acid (FA) chemically 4-(2-amino-4-hydroxypteridin-6-yl) methyl aminobenzoyl-l-glutamic acid, part of the vitamin B group (vitamin B9) is a water soluble vitamin. It is one of the most important coenzyme of the haemopoietic system that controls the generation of ferrohaeme 7 . Marketed tablet formulations of these agents play an important role in the treatment of persistent nausea and vomiting during pregnancy.
Several analytical methods have been reported for the determination of DOX or PYR or FA either alone or in combination with other drugs, using HPLC 8, 9 , HPTLC 10 , UV [11] [12] [13] [14] [15] [16] , spectroß uorometric determination 17, 18 , capillary electrophoresis 19 and ß ow injection 20 . These methods have not been studied for use in the simultaneous determination of DOX, PYR, and FA. There is no published literature dealing with simultaneous quantiÞ cation of DOX, PYR, and FA in bulk material and pharmaceutical preparations. Thus the present aim of the study is to develop simple, rapid and economical methods for the simultaneous estimation of these drugs in combined tablet dosage form.
Two spectrophotometric method have been developed for the simultaneous determination of doxylamine succinate (DOX), pyridoxine hydrochloride (PYR) and folic acid (FA) by using zero crossing Þ rst derivative methodology (method I) and applying simultaneous equation (Vierdot's method) on derivative spectra (method II). All materials and reagents were of analytical-reagent grade. Pure DOX, PYR and FA were procured as gift samples from Mercury Lab, Vadodara.
The derivative UV spectra of standard and test solutions were recorded in 1 cm quartz cells using a Shimadzu UV/Vis-1700 double beam UV/Vis spectrophotometer (Japan) with a Þ xed slit width of 2 nm. The zero order and Þ rst derivative absorption spectra were recorded over the wavelength range 220-400 nm against the solvent blank.
The standard stock solutions (0.1 mg/ml) of DOX, PYR and FA in 0.1 N NaOH were prepared. Further dilutions were made in 0.1 N NaOH to obtain concentrations ranging from 2.5-50 µg/ml for DOX, 1-40 µg/ml for PYR and 1-30 µg/ml for FA. The absorbance of resulting solutions was measured at 270.0, 332.8 and 309.2 nm for DOX, PYR and FA respectively and the calibration curves were plotted at these wavelengths.
The overlain zero order spectra of DOX, PYR and FA ( fig. 1) showed that the absorption maxima of DOX PYR and FA lie in close proximity and at absorption maxima of one, another exhibits substantial absorbance. This clearly indicates the existence of spectral interference in estimation of DOX and PYR and FA. To overcome this, spectra of all three drugs were derivatised to first order between 220-400 nm with ∆λ= 8 nm and scaling factor= 10. The overlain first derivative spectra of DOX, PYR and FA ( fig. 2 ) reveal that PYR concentration is proportional to the Þ rst derivative signals at 332.8 nm (zero-crossing point for DOX and FA) and FA can be estimated at 309.2 nm (zero-crossing point for DOX and PYR). DOX was estimated from Þ rst derivative amplitude at 270.0 nm because here PYR and FA show amplitude of same magnitude with opposite signals resulting net contribution by both interferents as zero.
The linearity between Þ rst derivative amplitude and concentration of DOX, FA and PYR were examined at selected wavelengths, i.e. 270.0, 332.8 and 309.2 nm for DOX, PYR and FA respectively. Linearity was obtained in the range from 2.5-50 µg/ml for DOX, 1-40 µg/ml for PYR and 1-30 µg/ml for FA. Three series of Þ ve mixed standards containing DOX, PYR and FA in the ratio (1:1:1), (4:4:1) and (10:10:1) in accordance with the ratio available in commercial formulations were prepared in 0.1 N NaOH and absorbance was measured at 270.0 nm, 332.8 nm and 309.2 nm for DOX, PYR and FA, respectively. By employing Eqns. (1), (2) and (3) in method I, the amplitudes contributed by DOX, PYR and FA to total amplitude at selected wavelengths were worked out.
Method II is also based on first derivative spectrophotometry, the wavelength selected for estimations of DOX, PYR and FA were same as described above. However, simultaneous equations (Vierdot's method) on derivative spectra were derived to overcome spectral interferences at selected wavelengths. First derivative absorptivity coefÞ cients of individual drugs were determined at 270.0 nm, 332.8 nm and 309.2 nm. A set of three equations framed using these coefÞ cient values is given below, C DOX = 136.0296 DA X -(4), C PYR = 106.5270 DA Z -(5) and C FA = 68.1567 DA Y -(6), where C DOX , C PYR and C FA are the concentration and DA DOX , DA PYR and DA FA are the absorbance of DOX, PYR and FA, respectively; DA DOX , DA PYR and DA FA are the first derivative amplitudes of mixture at 270.0, 332.8 and 309.2 nm. These Eqns were directly utilized for the simultaneous estimation of DOX, PYR and FA, respectively in standard laboratory mixture as well as the marketed formulations.
For the estimation of drugs in marketed tablet formulations, 10 tablets of each brand (Table 1) were separately weighed and powdered. The powder equivalent to 100 mg DOX for brand 1; 100 mg DOX for brand 2 and brand 3; and 100 mg DOX, 100 mg PYR and 100 mg FA for brand 4 was dissolved in 100 ml 0.1 N NaOH, ultrasonicated for 10 min, filtered, and the residue was washed with 0.1 N NaOH and the volume was adjusted to 100 ml with 0.1 N NaOH. Appropriate aliquots were then taken in such a way that the final concentrations in 10 ml volumetric ß asks were within the range used for testing the drugs by the two methods. The amplitudes at 270.0 nm, 332.8 nm and 309.2 nm were recorded from the first derivative spectra. The concentration of each analyte was determined using the equations generated in both methods. Table 1 shows the results of all such analysis.
The methods were validated according to International Conference on Harmonization guidelines for validation of analytical procedures 21 . Student's t-test and F-test were used to verify the validity of the methods. To study the recovery of DOX, PYR and FA, preanalyzed samples were taken to which known quantities of pure drugs (reference standards) were added in the concentration range 80% to 120%, but within the analytical range limit of the proposed methods. The added quantities of individual drugs were estimated by both developed methods and the results are calculated in terms of % recovery±conÞ dence interval at 95% conÞ dence level.
The intra-day and inter-day precisions of the proposed methods were determined by estimating the corresponding responses 3 times on the same day and 3 different days using 5 different concentrations of sample solution. From the absorbance obtained, concentration was calculated, and the results were expressed as% RSD.
The ruggedness of the UV method was determined by analysis of samples under a variety of conditions such as small changes in the normality of the NaOH solution (0.5-2.0 N) the method was also performed in different labs by using other UV instrument, and the percent relative standard deviation (%RSD) was calculated. The calibration curve was obtained with seven concentrations of the standard solution. The solutions were prepared in triplicate. The parameters Limit of Detection (LOD) and Limit of Quantitation (LOQ) were determined on the basis of response and slope of the regression equation.
The zero order absorption spectra of DOX, PYR and FA are represented in the fig. 1 . The close overlap of the absorption spectra of DOX, PYR and FA prevents the correct use of zero-order absorption measurements for their simultaneous determination in ternary mixtures. On the other hand, the Þ rst-order spectrum (Þ g. 2) did not suffer any interference at the determination wavelength of DOX (270.0 nm), PYR (332.8 nm) and FA (309.2 nm), as expected.
Under the optimized conditions, the absorbance of the standard solutions of DOX, PYR and FA were measured at specified wavelengths. Linearity was obtained in the range from 2.5-50 µg/ml for DOX, 1-40 µg/ml for PYR and 1-30 µg/ml for FA. The coefÞ cient of correlation as evaluated by least squares method in each case was > 0.99.
From this data, standard deviation (SD) of response and slope curve (S), it was possible to calculate the detection and quantitation limits. The LOD were 0.110 µg/ml, 0.193 µg/ml and 0.099 µg/ml and the value for LOQ were 0.369 µg/ml, 0.644 µg/ml and 0.331 µg/ ml for DOX, PYR and FA, respectively. These low values indicated the good sensitivity of the methods proposed. The results of analysis of authentic samples and the average recoveries obtained in each instance were compared with theoretical value of 100 percent by means of students't' test at 95 percent conÞ dence level. The average percent recovery was found to be 100.59±0.13, 99.45±0.02 and 99.73±0.08 in method I and 99.80±0.62, 99.87±0.16 and 99.34±0.10 in method II for DOX, PYR and FA, respectively. The result of both methods lies within the prescribed limit of 98-102%, showing that both methods are free from interference from excipients. The results obtained from the intra-day and inter-day precision study were less than 2% (i.e., in the range of 0.590-1.070 and 0.845-1.234% for intra and inter day for proposed methods, respectively) indicating that the proposed methods were sufficiently precise for the analysis of drug. Both the methods were robust enough under different conditions as indicated by% RSD (i.e., in the range of 0.784-1.012% for proposed methods).
The applicability of the proposed methods for the determination of DOX, PYR and FA in commercial dosage forms was examined by analyzing marketed products. From Table 1 , it is evident that there is good agreement between the amount estimated and those claimed by the manufacturers. Percent label claims are very close to 100, with low value of standard deviation. The proposed methods are sensitive, simple, and accurate and can be successfully applied for the quality control of pure DOX, PYR and FA in pharmaceutical dosage forms.
